improvement in lung volumes and respiratory muscle function. Background -Morbidly obese subjects are (Thorax 1998;53:39-42) known to have impaired respiratory function and inefficient respiratory muscles. A study was undertaken to investigate the Keywords: respiratory muscle strength, respiratory muscle endurance, weight loss.
was obtained by subtracting FVC from the Respiratory muscle strength was assessed by TLC, and ERV was obtained by subtracting measuring the maximal inspiratory mouth pres-RV from the FRC. sure (Pmax) and expiratory pressure (Pmax) at residual volume (RV) and total lung capacity (TLC), respectively, as previously described by   Black and Hyatt.
14 The value obtained from Differences in variables before and after surgery the best of at least three efforts was used.
were compared using paired t tests. The level of significance was set at p<0.05.
Respiratory muscle endurance
To determine inspiratory muscle endurance, a device similar to that proposed by Nickerson Results and Keens 15 was used. Subjects inspired The mean (SE) BMI was 41.5 (1.3) kg/m 2 through a two way Hans-Rudolph valve whose before surgery and was significantly reduced to inspiratory port was connected to a chamber 31.7 (1.1) kg/m 2 six months after the operation and plunger to which weights could be added (mean difference 9.8, 95% CI 7.8 to 11.7, externally. Inspiratory elastic work was then p<0.0001) when the postoperative measureincreased by the progressive addition of ments were performed. 25-100 g weights at two minute intervals as previously described by Martyn and coworkers 16 until the subjects were exhausted and Spirometric parameters could no longer open the valve and inspire The preoperative and postoperative parameters through it. The pressure achieved with the are shown in table 1. The baseline FVC was heaviest load (tolerated for at least 60 seconds) reduced while the FEV 1 /FVC ratio was within was defined as the peak pressure (PmPeak). the normal range. Postoperatively there was a The respiratory muscle endurance was defined significant increase in FVC while the FEV 1 as the ratio between the PmPeak and the Pmax and the FEV 1 /FVC ratio were not significantly in absolute %. The endurance after surgery changed. was measured as the ratio between the new PmPeak and the new Pmax so it actually measured the patient's new respiratory muscle endurance. Because the threshold device is Lung volumes Lung volume measurements (table 2) revealed independent of flow, the same pressure has to be generated by each patient in order to be that TLC, FRC, ERV, and RV were significantly reduced before surgery. Postable to inspire through it, and is independent of the pattern of breathing adopted by the operatively there was a significant increase in TLC (p<0.01), FRC (p<0.05), ERV (p<0.01), patient. of the lungs are normal and the compliance of the chest wall is reduced. 2 In addition, Cherniack and associates 9 have shown inefficient respiratory muscles in obese inand RV (p<0.05), while there was no significant change in the RV/TLC ratio (fig 1) . dividuals which may result from either reduced chest wall compliance or the lower lung volume at which ventilation takes place. Pmax and Pmax were also found to be lower than preRespiratory muscle performance The inspiratory and expiratory muscle strength dicted in obese individuals.
13 Although respiratory muscle endurance was not measured as assessed by the Pmax and Pmax were slightly, although significantly, reduced in obese patients, the MVV, which is affected by the respiratory muscles, 18 19 has been found (p<0.05) compared with predicted normal values, as suggested by Black and Hyatt, 14 while to be low 1 6 or normal. 8 20 Weight loss following either ileal bypass or gastroplasty for obesity the inspiratory muscle endurance, assessed by the PmPeak/Pmax ratio, was even more mark-has been found to increase VC, FRC, TLC, and ERV. edly reduced (p<0.001; table 3). Following weight loss there was a significant increase Wadströ m and coworkers 13 reported that, despite a weight loss of 18% and increased in respiratory muscle strength and endurance. The improvement in respiratory muscle per-lung volumes, their obese patients showed no significant change in respiratory muscle formance correlated significantly with the weight loss following surgery and the strongest strength. However, it should be noted that the 18% weight loss was achieved after a mean of correlation was with the improvement in respiratory muscle endurance (p<0.001, R 2 = 78 days and other investigators 21 have reported a transitory decrease in muscle strength for 0.71; fig 2) . several weeks after weight reduction. Wadströ m and coworkers probably performed their measurements immediately after this period, while Discussion This study shows that the predominant ab-our patients were studied six months after surgery and after having lost significantly more normalities in respiratory function in obese patients are significant reductions in lung vol-weight (mean 23.6%).
There is still some uncertainty with regard umes and respiratory muscle endurance and less marked reductions in respiratory muscle to the factors responsible for the improved respiratory endurance. The reduced chest wall strength. All parameters increased towards normal values after weight loss.
compliance may partially increase following weight reduction. This, and the increase in Respiratory function is determined by the interaction of the lungs, chest wall, and res-lung volumes associated with weight loss, should lead to a reduction in respiratory muscle piratory muscles. Obesity might therefore be expected to influence lung function through its inefficiency in obese patients. Respiratory muscles become fatigued when an imbalance effect on the chest wall and the respiratory muscles. Generally, the mechanical properties occurs between energy supply and energy de- 
